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A blade for a vertical axis wind turbine and a lift type vertical 
axis wind turbine having the blade are provided to easily 
Suppress excessive increase of the rotation rate of the wind 
turbine with a simple mechanical structure when increasing 
the rotation rate of the wind turbine to a prescribed value or 
more. The blade has an airbrake and a shaft bearing disposed 
at a position nearer the rear edge with respect to the gravity 
center of the air brake. The air brake is mounted rotatably on 
the blade through the shaft bearing. Inside the front portion of 
the airbrake, a substantially S-shaped spring backing plate is 
mounted. The spring backing plate largely protrudes front 
ward out of the air brake and urged by spring members serv 
ing as a protrusion forbidding member disposed nearer the 
front portion of the windsail chamber. When increasing the 
rotation rate over a prescribed value, the front edge of the air 
brake protrudes out of the wing Surface by a centrifugal force 
while the rear edge of the air brake retracts inward from the 
wing Surface, thus to produce air resistance, resulting in Sup 
pressing increase of the rotation rate of the wind turbine. 
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BLADE FORVERTICALAXIS WIND 
TURBINE AND LIFT TYPE VERTICALAXIS 

WIND TURBINE HAVING THE SAME 

TECHNICAL FIELD 

0001. This invention relates to a blade for a vertical axis 
wind turbine, which is disposed on a rotary shaft of a vertical 
axis wind turbine through a Support arm So as to produce a 
lifting force with a head wind to rotate the rotary shaft by the 
lifting force and further relates to a lift type vertical axis wind 
turbine having the blade. The specific type of wind turbine 
associated with the invention appertains to a straight wing 
type Darius wind turbine, Darius-type wind turbine, and ver 
tical axis wind turbine with the components of these wind 
turbines. 

BACKGROUND ART 

0002. As a wind turbine for converting wind power energy 
into motive energy with relatively high energy conversion 
efficiency, there have been conventionally known a Darius 
type wind turbine having a horizontal axis propeller-type 
wind turbine and a vertical rotational shaft, and a straight 
wing-type Darius wind turbine. The horizontal axis propeller 
type wind turbine has been used for most of large-scaled wind 
turbines of recent years. The Darius-type wind turbine enjoys 
an advantage of Superior performance capable of being 
brought out equally in all directions of north, South, east and 
west without any need for follow-up control to the wind, 
despite its low-startability in weak wind. Thus, the Darius 
type wind turbine is expected to be further developed and 
applied as a wind turbine of Small scale adaptable to use in a 
city or living area. 
0003. In the wind turbines such as the Darius-type wind 
turbine and straight wing-type Darius wind turbine, a blade 
rotates about a rotary shaft at a high circumferential speed as 
the wind speed increases. The wind turbines of this type 
requires a braking device to stop the rotation of the blades in 
order to ensure the safety of the wind turbine in strong winds 
such as of a typhoon, because it is desirable that the wind 
turbine is stopped so as to be operated safely before it rotates 
at high-speeds at which it is impossible to control the wind 
turbine. 

0004 Specifically in the straight wing-type Darius wind 
turbine, the blade rotates in its vertical state about the vertical 
rotary shaft at high speeds, thereby producing a bending 
moment around the stationary center part of the blade due to 
a centrifugal force of the rotating blade. In order to prevent the 
breakage of the blade caused by the bending moment, any 
measures for stopping the wind turbine when the wind 
reaches a prescribed wind velocity or the wind turbine 
reaches a prescribed rotation rate or an alternative Solution 
must be taken. In the state of completely stopping the wind 
turbine, the wind turbine produces Zero output, so that even a 
part of large potential energy of the strong wind can in no way 
be utilized. 

0005. There has been proposed a wind turbine in that a 
control member is disposed on a wing Surface so that air 
resistance can be produced by opening the control member to 
reduce a lifting force so as to control the rotation number of 
the wind turbine (cf. Patent Literature 1). 
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0006 Patent Literature 1 Japanese Patent Application 
Publication SHO 54-17439A 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 
0007. However, the spoiler of the wind turbine described 
in the aforementioned publication (Patent Literature 1) is not 
specified at all about what operating parameters are used for 
opening and closing the control member and on how to be 
mounted within a very limited space in the blade. Thus, the 
proposed technique has neither real Substance nor technical 
viability. 
0008. There may be thought to apply an electromagnetic 
brake to an output shaft of the wind turbine for reducing the 
rotation rate of the blade in order to continue the operation of 
the wind turbine in a certain degree of strong wind. However, 
Such an idea of using the electromagnetic brake disadvanta 
geously requires electric powerfor operating the wind turbine 
on a steady basis and a receiving load of an electric current 
generated resultantly, while Suffering from a disadvantage of 
an excessive torque remaining on the output shaft of the wind 
turbine. As an alternative, a mechanical brake may be con 
ceived for reducing the rotation rate of the blade, but realis 
tically, there is no effective solution to the daunting problems 
ofheat produced in a friction disc and limited durability of the 
friction surface. 
0009. Accordingly, the present invention is made to solve 
the aforementioned problems and seeks to provide a blade for 
a vertical axis wind turbine and further a lift type vertical axis 
wind turbine having the aforementioned blade, which wind 
turbine can continue more than some degree of electric power 
generation by reducing the rotation of the wind turbine with 
out stopping the wind turbine and accumulating heat energy 
by using only a simple mechanical means having high reli 
ability and making use of a centrifugal action, which is con 
structed so as to have the blade protruding automatically from 
a wing Surface by the action of a centrifugal force generated 
when increasing the rotation rate of the blade to a prescribed 
value or more, thus to cause air resistance to strongly suppress 
increase of the rotation rate. 

Means of Solving the Problems 
0010. To solve the above problems according to the 
present invention as set forth in Claim 1, there is provided a 
blade for a vertical axis wind turbine, which blade is disposed 
on a rotary shaft of the vertical axis wind turbine through a 
support arm to produce a lifting force with wind to rotate the 
rotary shaft by the lifting force, which comprises an airbrake 
disposed on a wing Surface far away from the aforesaid rotary 
shaft and constructed to have the blade protruding automati 
cally from the wing Surface by a centrifugal force generated 
when increasing the rotation rate of the blade to a prescribed 
value or more, thus to cause air resistance and disturb the flow 
of air to decrease the lifting force caused on the wing Surface, 
thereby to Suppress increase of the rotation rate, and a pro 
trusion forbidding member for keeping the air brake in its 
closing state when the centrifugal force imposed on the air 
brake is equal to a prescribed value or less. 
0011. According to the blade, it is possible to efficiently 
control the rotation rate with such a simple structure by hav 
ing the air brake automatically protruding to produce air 
resistance in accordance with the wind speed when the wind 
speed exceeds a fixed value. 
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0012. As set forth in Claim 2, the present invention is 
featured in that the outer surface of the aforesaid air brake 
constitutes apart of a regular airfoil formation of the aforesaid 
blade in the closed state of the air brake. 

0013. According to the invention, the air brake functions 
as a part of the blade in its closed state (during electric gen 
eration), so that decrease in power generation capacity can be 
prevented. 
0014. As set forth in Claim 3, the blade for a vertical axis 
wind turbine described in Claim 1 of to the present invention 
is featured in that a shaft fitting portion is disposed at a 
position nearer the rear edge with respect to the gravity center 
of the air brake in parallel with the longitudinal direction of 
the blade, and the aforesaid air brake is attached rotatably to 
the blade through the shaft fitting portion, the aforementioned 
blade is provided to have the end portion of the air brake on 
the side nearer the front edge of the blade protruding from the 
wing Surface by centrifugal force occurring at high-speed 
rotation, thus to Suppress increase of the rotation rate by air 
resistance produced on the front edge side of the airbrake and 
decrease in the lifting force produced on the blade by turbu 
lence in air flow, and the aforesaid protrusion forbidding 
member maintains the outer surface of the air brake in the 
same plane as the outer Surface of the blade by permitting a 
prohibitive power for Suppressing the protrusion of the air 
brake to Surpass the centrifugal force when the centrifugal 
force imparted on the air brake turns into below a prescribed 
value. 

0015. Accordingly, a brake force is produced by the air 
resistance produced on the front edge side of the airbrake and 
the turbulence in air flow when activating the brake. 
0016. As set forth in Claim 4, the present invention is 
featured in that a shaft fitting portion is disposed at a position 
nearer the rear edge with respect to the gravity center of the air 
brake and near the geometrical center of the air brake in 
parallel with the longitudinal direction of the blade, and the 
aforesaid air brake is attached rotatably to the blade through 
the shaft fitting portion, the aforementioned blade is provided 
to have the end portion of the air brake on the side nearer the 
front edge of the blade protruding from the wing surface by 
centrifugal force occurring at high-speed rotation and simul 
taneously the end portion of the air brake on the side near the 
rear edge of the blade retracting inward from the wing Sur 
face, thus to Suppress increase of the rotation rate by a first air 
resistance and turbulence in the airflow produced on the front 
edge side of the brake and a second air resistance and turbu 
lence in the air flow produced on a portion exposing the air 
flow formed by a hollow by the retracted airbrake on the cross 
section of the blade adjacent to the rear edge of the air brake, 
and the aforesaid protrusion forbidding member maintains 
the whole outer surface of the air brake in the same plane as 
the outer surface of the blade by permitting a prohibitive 
power for Suppressing the protrusion of the airbrake to Sur 
pass the centrifugal force when the centrifugal force imparted 
on the air brake turns into below a prescribed value. 
0017. Accordingly, a brake force is doubled by the effect 
of the air resistances occurring on the two front and rear 
portions of the blade and turbulence in the air flow when 
activating the brake. 
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0018. The lift type vertical axis wind turbine as described 
in Claim 5 is featured by comprising the aforementioned 
blade for the vertical axis wind turbine. 

EFFECT OF THE INVENTION 

0019. According to the invention, when the rotation rate of 
the wind turbine increases close to a limit value prescribed 
from a standpoint of mechanical safety while the wind blows 
up while the centrifugal force imposed on the air brake 
exceeds a fixed value, the air brake protrudes from the wing 
Surface (radially outwardly) against a drag force brought 
about by an air brake retainer to produce large air resistance 
and a normal lifting force produced intrinsically on the blade 
is diminished by turbulence in airflow, so that increase of the 
rotation rate can easily be suppressed by using a simple struc 
ture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 Cross section of a best mode for carrying out 
a blade for a vertical axis wind turbine according to the 
present invention. 
0021 FIG. 2 Partially broken perspective view showing 
one example of a wind turbine to which the blade for the 
Vertical axis wind turbine according to the invention is 
applied. 
(0022 FIG. 3 Partially broken side view of the blade 1 
viewed in the direction of the arrow X in FIG. 1. 
(0023 FIG. 4 View showing the wind turbine viewed from 
the top, with the air brake 2 protruding. 
0024 FIG. 5 Cross section taken along line A-A of the 
blade 1 viewed from the top, with the air brake 2 protruding. 

EXPLANATION OF REFERENCE NUMERALS 

0.025 1 Blade 
0026. 2 pneumatic brake 
0027 3 shaft bearing 
0028 4 shaft 
0029. 6 spring backing plate 
0030) 7 spring member 
0.031) 8 stopper 
0032 9 fixing screw 
0033 12 windsail chamber 
0034 13 back surface 
0035) 14 bearing seat 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0036. The best mode for carrying out a blade for a vertical 
axis wind turbine according to the present invention will be 
described with reference to the accompanying drawings. FIG. 
1 is a partially broken perspective view showing a straight 
wing-type vertical axis wind turbine using the blade for the 
vertical axis wind turbine according to the invention, and FIG. 
2 is a cross sectional view taken along line A-A of the best 
mode for carrying out the blade for the vertical axis wind 
turbine according to the invention. 
0037. As shown in FIG. 1, the straight wing-type vertical 
axis wind turbine comprises a cylindrical fitting base B 
attached to a setting Support Alike a pole Such as an electric 
pole, a rod-like fixing shaft C fixed on the fitting base B and 
having a vertical axis line, a shaft bearing E attached to the 
outer periphery of the fixing shaft C, a cylindrical outer sleeve 
D attached rotatably around the fixing shaft to the outer 
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periphery of the shaft bearing E, a cylindrical torque trans 
mission tube F rotatable with the outer sleeve D, a coupling I 
for transmitting the output torque of the torque transmission 
tube F, and an electric generator G. 
0038. In the straight wing-type vertical axis wind turbine, 
the electric generator G mounted on the top of the fixing shaft 
C is housed within the torque transmission tube F, so that a 
rotational torque of the torque transmission tube F is trans 
mitted to the input shaft of the electric generator G through a 
speed-up device H and the coupling I. 
0039 Blade elements 1 of the blade are arranged equian 
gularly around the rotary shaft of the blade and fixedly 
attached to the outer sleeve D through struts J. The outer 
sleeve D is connected to the torque transmission tube F so as 
to transmit the rotational torque to the speed-up device and 
the electric generator. In the meanwhile, the number of the 
blade elements 1 is not specifically limited, but usually two, 
three, four or five blade elements may be suitably used. 
0040. This invention does not contemplate imposing any 
limitation on the mechanism for transmission of rotational 
movement of the blade to the electric generator, but there may 
be widely adopted a structure in which the blade elements 1 
are connected to the rotary shaft through the Struts J and an 
extension portion extending from the rotary shaft is Supported 
by two or more shaft bearings attached to the outer periphery 
of the rotary shaft. In such a case, the electric generator may 
be disposed on the end portion of the extension portion of the 
rotary shaft. 
0041. As shown in FIG. 2, the blade 1 is formed in a hollow 
shape with an inner void to reduce its weight. The rear side 
void 11 serves as a windsail chamber 12 for accepting the air 
entering thereinto as described later. 
0042. The windsail chamber 12, is open to a back surface 
13 to define an opening Surface, which is a wing Surface far 
from the rotary shaft, so as to cover the air brake 2 with the 
opening surface. FIG.3 is a partially cutaway side view of the 
blade 1 viewed in the direction of the arrow X in FIG.1. As 
shown in FIG. 3, a bearing seat 14 extending in the longitu 
dinal direction of the blade is mounted within the windsail 
chamber 12. 
0043. As shown in FIG. 2, the air brake 2 is formed like a 
slightly curved plate constituting a part of the back surface 13 
of the blade 1. The shaft bearing 3 as a shaft fitting portion is 
positioned roughly in the center of the air brake (situated 
nearer the rear edge in relation to the gravity center of the air 
brake 2) in parallel with the longitudinal direction of the blade 
1. The airbrake 2 is supported by a bearing seat 14 of the blade 
1 through the shaft bearing 3 rotatably about the shaft 4 so as 
to permit the front edge of the air brake to protrude out of the 
curved surface of the blade 1. 

0044) Inside the front portion of the airbrake 2, a substan 
tially S-shaped spring backing plate 6 is mounted. The spring 
backing plate 6 largely protrudes frontward out of the air 
brake 2 and urged by spring members 7 serving as a protru 
sion forbidding member disposed nearer the front portion of 
the windsail chamber 12. 
0045. Each spring member 7 is formed of a coil spring and 
held in its wound state around a pillar-like stopper 8 projected 
from the windsail chamber 12. The spring member 7 urges to 
tumble the air 2 through the spring backing plate 6. 
0046. A protrusion forbidding force imparted on the air 
brake is determined so as to be balanced with the centrifugal 
force acted on the airbrake 2 when the rotation number of the 
wind turbine reaches a prescribed value of rotation number. 
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Thus, the air brake 2 is not activated until the rotation rate of 
the wind turbine reaches the prescribed value, but when it 
exceeds the prescribed value, the air brake moves outward 
radially to produce air resistance, consequently to suppress 
the rotation number. The aforesaid prescribed value is 
adequately determined in compliance with the strength 
design of the entire wind turbine including the strength of the 
blade 1. 
0047. The spring backing plate 6 comes into collision with 
the stoppers 8 when protruding the air brake 2 and retained 
detachably with fixing screws 9 pierced through from the 
back surface 13. 
0048. Each stopper 8 serves to restrict the compression 
length of the spring member 7, consequently to eliminate risk 
of breakdown of the material of the spring member 7 due to an 
intolerable pressure imparted thereon by the air brake 2. 
0049. With the structure as described above, the air brake 
2 is maintained at a normal position (in its closed State) by the 
forbidding force of the spring member 7 under normal con 
ditions (when the rotation rate of the wind turbine is below the 
prescribed value), and the outer surface of the air brake 2 is 
maintained in the same plane as the outer Surface of the blade 
1. At that time, the air brake 2 serves as one part of the wing 
Surface to produce an intended lifting force. 
0050. As the rotation rate of the wind turbine increases 
with increased wind velocity, the air brake 2 moves outward 
radially against the protrusion forbidding force of the spring 
member 7 by the action of a centrifugal force over the pre 
scribed value. FIG. 4 shows the air brake 2 protruding out 
ward when viewed from the top of the wind turbine. In FIG. 
4, the flow of air around one blade element 1 is depicted. FIG. 
5 is a cross sectional view taken along line A-A of the blade 
having the protruding air brake 2. 
0051. The protruding air brake 2 produces large air resis 
tance relative to a head wind (wind velocity V) and disturb the 
flow of air to diminish a lifting force produced intrinsically on 
the blade, consequently to automatically regulate the rotation 
rate of the wind turbine, as shown in FIG. 4. The air brake 2 
comes into collision with the stopper 8 when protruding as 
shown in FIG. 5, so that the protrusion of the air brake 2 can 
be restricted to a certain range and excessive deformation of 
the spring member 7 can be prevented. 
0.052 Hence, the invention renders complete stopping of 
the wind turbine unnecessary even in strong winds, so that 
generation of electricity above a certain level can be continu 
ously assured. Furthermore, since the invention makes use of 
the forbidding force of the spring member 7 and the centrifu 
gal force imposed on the air brake 2, there is no need for 
additional power for actuating the air brake 2, thus to enable 
control of the rotation number with a simple structure. 
0053 Meanwhile, by forming the stopper 8 of elastic 
material, the impact of the collision of the spring backing 
plate with the stopper 8 can be weakened by a synergistic 
effect of a combination of the elastic stopper 8 and elasticity 
brought about by the S-shaped configuration of the stopper 8. 
0054 The blade may be reinforced by extending a rib to 
the inner edge within the windsail chamber 12 of the airbrake 
2 

0055. Further, the airbrake 2 has about the same length as 
the blade 1 in the aforementioned embodiment, but the inven 
tion is not to be considered limited to this structure. The air 
brake may be made short or provided only on some of the 
blade elements so as to arbitrarily control the degree of inci 
dence of the air brake. 
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1-7. (canceled) 
8. A blade for a vertical axis wind turbine, said blade being 

disposed on a rotary shaft of the vertical axis wind turbine 
through a Support arm to produce a lifting force with wind to 
rotate the rotary shaft by the lifting force, which comprises: 

an airbrake having a hollow between an abaxial wing wall 
and a ventral wing wall of the blade far away from said 
rotary shaft and disposed at a portion where the wing 
wall partially removed from the abaxial wing wall 
resides to have the end portion of the airbrake on the side 
nearer the front edge of the blade protruding from the 
wing wall by centrifugal force occurring at high-speed 
rotation and simultaneously the end portion of the air 
brake on the side near the rear edge of the blade retract 
ing inward from the wing wall, thereby to Suppress 
increase of the rotation rate by a first air resistance and 
turbulence in the airflow produced on the front edge side 
of the brake and a second air resistance and turbulence in 
the air flow produced on a portion exposing the air flow 
formed by a hollow by the retracted airbrake on the cross 
section of the blade adjacent to the rear edge of the air 
brake, and 

a protrusion forbidding member housed within said hollow 
to keep said air brake in its closing State when the cen 
trifugal force imposed on said air brake is equal to a 
prescribed value or less. 

9. The blade for the vertical axis wind turbine as set forth in 
claim 8, wherein a shaft fitting portion is disposed at a posi 
tion nearer the rear edge with respect to the gravity center of 
said airbrake in parallel with the longitudinal direction of the 
blade, said airbrake is attached rotatably to the blade through 
said shaft fitting portion, and 

said protrusion forbidding member maintains the outer 
Surface of said air brake in the same plane as the outer 
surface of the blade by permitting a prohibitive power 
for Suppressing the protrusion of the airbrake to surpass 
the centrifugal force when the centrifugal force imparted 
on said air brake turns into a prescribed value or less. 

10. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
9. 

11. The blade for the vertical axis wind turbine as set forth 
in claim 8, wherein a shaft fitting portion is disposed at a 
position nearer the rear edge with respect to the gravity center 
of said air brake and near the geometrical center of the air 
brake in parallel with the longitudinal direction of the blade, 
and said air brake is attached rotatably to said blade through 
the shaft fitting portion, and 

said protrusion forbidding member maintains the whole 
outer Surface of said air brake in the same plane as the 
outer surface of the blade by permitting a prohibitive 
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power for Suppressing the protrusion of the airbrake to 
Surpass the centrifugal force when the centrifugal force 
imparted on the airbrake turns into a prescribed value or 
less. 

12. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
11. 

13. The blade for the vertical axis wind turbine as set forth 
in claim 8, wherein the outer surface of said air brake consti 
tutes a part of a regular airfoil formation of said blade in the 
closed state of the air brake. 

14. The blade for the vertical axis wind turbine as set forth 
in claim 13, wherein a shaft fitting portion is disposed at a 
position nearer the rear edge with respect to the gravity center 
of said air brake in parallel with the longitudinal direction of 
the blade, said air brake is attached rotatably to the blade 
through said shaft fitting portion, and 

said protrusion forbidding member maintains the outer 
surface of the air brake in the same plane as the outer 
surface of the blade by permitting a prohibitive power 
for Suppressing the protrusion of the airbrake to surpass 
the centrifugal force when the centrifugal force imparted 
on the air brake turns into a prescribed value or less. 

15. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
14. 

16. The blade for the vertical axis wind turbine as set forth 
in claim 13, wherein a shaft fitting portion is disposed at a 
position nearer the rear edge with respect to the gravity center 
of the airbrake and near the geometrical center of the airbrake 
in parallel with the longitudinal direction of the blade, and 
said air brake is attached rotatably to the blade through the 
shaft fitting portion, and 

said protrusion forbidding member maintains the whole 
outer surface of the air brake in the same plane as the 
outer surface of the blade by permitting a prohibitive 
power for Suppressing the protrusion of the airbrake to 
Surpass the centrifugal force when the centrifugal force 
imparted on the airbrake turns into a prescribed value or 
less. 

17. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
16. 

18. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
13. 

19. A lift type vertical axis wind turbine comprising said 
blade for the vertical axis wind turbine as mentioned in claim 
8. 


